Gastrointestinal stromal tumors (GISTs) represent the largest group of subepithelial tumors (SET) of the upper gastrointestinal (GI) tract. They may show malignant behavior, in contrast to other SET. Endoscopic ultrasound (EUS) is frequently used to characterize SET. With the introduction of contrast-enhanced ultrasound (CEUS) into EUS (CE-EUS), distinct enhancement patterns can be detected. In the presented study, the characteristic features of CE-EUS in GIST are analyzed and compared with those of other SET. Materials and Methods: Consecutive patients from four centers with SET of the upper and middle GI tract were included and received endoscopic or transcutaneous CEUS. The results were compared with EUS-guided tissue acquisition, forceps biopsy, or surgical resection. Results: Forty-two out of 62 (68%) patients had SET of the stomach, 17/62 (27%) of the small intestine, 2/62 (3%) of the esophagus, and 1/62 (2%) extraintestinal. Eighty-one percent underwent surgery. Leiomyoma was found in 5/62 (8%) and GIST in 57/62 patients (92%). Thirty-nine out of 57 (68%) patients had GIST lesions in the stomach, 17/57 (30%) had GIST of the small intestine, and 1/57 (2%) patients had extraintestinal GISTs. GIST size was 62.6 ± 42.1 (16-200) mm. Hyperenhancement had a sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of 98%, 100%, 100%, 93%, and 98% for the diagnosis of GIST. Fifty out of 57 patients with GIST (88%) showed avascular areas in the center of the lesions. Conclusion: CE-EUS and CEUS show hyperenhancement and avascular areas in a high percentage of GIST but not in leiomyoma. Thus, GIST and leiomyoma can be discriminated accurately.
INTRODUCTION
Gastrointestinal stromal tumors (GISTs) represent the largest group of subepithelial tumors (SET) of the stomach, duodenum and small intestine but occur only very seldom in the esophagus and large intestine. In contrast to leiomyomas, lipomas and most other ENDOSCOPIC ULTRASOUND / VOLUME 6 | ISSUE 1 / JANUARY-FEBRUARY 2017 SETs, they may have a malignant behavior. Therefore, after detection of a subepithelial lesion in the upper gastrointestinal (GI) tract, correct characterization is crucial to start an assessment whether surgery would be an appropriate approach to the patient. [1] In contrast-enhanced computed tomography (CECT), GIST has necrotic or unenhancing areas in about 50%, if larger than 50 mm. Therefore, "necrotic areas is a sign with a high positive predictive value for the diagnosis of GIST, but the negative predictive value is low. [2] In short, exclusion of GIST is frequently not possible.
Endoscopic ultrasound (EUS) has become the method of choice for the characterization of upper GI tract disease, especially in subepithelial lesions as an adjunct to endoscopy. However, endosonographic discrimination of GISTs from benign subepithelial GI tumors, in particular leiomyoma, may be difficult and is based on minor differences of shape, echogenicity and homogeneity. [3] [4] [5] In particular, necrotic areas cannot be displayed properly with conventional EUS. Thus, contrast-enhanced ultrasound (CEUS) is used to display microperfusion on the capillary level with a high specificity for the contrast signal due to software reasons and the strict intravascular behavior of the contrast agent. [6] Recently, real-time contrast-enhanced EUS (CE-EUS) with low mechanical index imaging based on contrast-specific harmonic imaging modes has become available. [7, 8] A second advanced imaging technique used with EUS is real-time EUS elastography. [9, 10] Based on previous experience in other tumors, we postulated that CE-EUS and EUS elastography might be helpful for discrimination of hypoechoic subepithelial GI tumors, in particular for discrimination of GIST and leiomyoma.
MATERIALS AND METHODS
All consecutive patients from four tertiary referral centers with SETs of the upper and middle GI tract submitted for US and EUS evaluation were analyzed and their data prospectively evaluated. All patients gave informed consent, and institutional board approval had been received for the study.
All patients with SETs of the upper GI tract were evaluated using EUS. In patients with SETs not within the reach of upper GI EUS, in particular SETs of the small intestine, transabdominal US was performed. EUS was performed using Hitachi Preirus and Hitachi Ascendus with Pentax EG UTK 3870 or Pentax EG URK 3670 scanners. First, the lesion was identified using the endoscopic image. Consecutively, EUS examination was performed. The size, shape, layer of origin and vascularization with conventional color or power Doppler ultrasound were analyzed. CE-EUS was performed after injection of 4.8 mL of Sonovue (Bracco, Italy). Using real-time imaging, the enhancement pattern was analyzed with special focus on the enhancement pattern and possible foci without contrast uptake. Real-time elastography has been also performed, using a region of interest that included at least 50% of the tumor, as well as surrounding structures. Percutaneous US was performed using Toshiba Aplio, GE Logiq E9, or Hitachi Ascendus.
The final diagnosis was established by EUS-guided tissue acquisition, bite-on-bite forceps biopsy, or surgical resection with pathological examination and immunohistochemistry.
RESULTS
Sixty-two patients met the inclusion criteria. Forty-two out of 62 (68%) patients had SETs of the stomach, 17/62 (27%) of the small intestine, 2/62 (3%) of the esophagus, and 1/62 (2%) extraintestinal. Fifty out of 62 patients (81%) underwent surgery, in 11/62 (18%) cytology was obtained by EUS-guided biopsy and in 1/62 (2%) histology was obtained by endoscopic forceps biopsy. Histology revealed leiomyoma in 5/62 (8%) and GIST in 57/62 patients (92%).
Major results
All patients but 1 (61/62, 98%) had GISTs with blue pattern in elastography, 13 of them (13/61, 21%) had heterogeneous patterns, and 48/61 (79%) had homogenous patterns. Four of five leiomyoma showed a blue pattern in elastography (80%).
All patients except 1 (56/57, 98%) had a hyperenhancing GIST in CE-EUS. The hypoenhancing lesion was a 30-mm low-risk GIST in the stomach. All leiomyomas showed hypoenhancement [ Figure 1 ]. In our cohort, hyperenhancement had a sensitivity, specificity, positive predictive value, negative predictive value and accuracy of 98%, 100%, 100%, 93% and 98%.
ENDOSCOPIC ULTRASOUND / VOLUME 6 | ISSUE 1 / JANUARY-FEBRUARY 2017 Fifty out of 57 patients with GIST (88%) showed avascular areas in the center of the lesions which we interpreted as necrosis [ Figures 2-4 ]. There was a trend toward smaller size for GIST without avascular areas (65.8 ± 43 vs. 39.6 ± 26.9 , P = 0.062). In the current group, lesions with avascular areas developed no metastasis and were never classified as high risk. Lesions without avascular areas were all located in the stomach. The findings are presented in Table 1 .
Additional results
Two out of five leiomyoma (40%) were found in the esophagus, and no GIST was found in the esophagus.
Thirty-nine out of 57 (68%) patients had GIST lesions in the stomach, 17/57 (30%) had GIST of the small intestine, and 1/57 (2%) patients had extraintestinal GISTs. GIST size was 62.6 ± 42.1 mm. There were 26/57 (46%) patients with high-risk GISTs, 17/57 (30%) with intermediate-risk GIST, 14/57 (25%) patients with low-risk GISTs, and 0/62 (0%) with very low-risk GISTs.
Seven out of 26 (27%) patients with high-risk GIST had simultaneous liver metastases. The majority of patients with liver metastases (9/62, 15%) had high-risk GIST (7/9, 78%), but 2/9 (22%) patients with liver metastases had intermediate histology [ Table 1 ].
There was a trend toward smaller size in leiomyoma compared with GIST, but it did not reach statistical significance (P = 0.066) [ Table 1 ]. All lesions were hypoechoic compared to submucosal layer and isoechoic compared to the muscularis propria layer. In 
DISCUSSION
Our findings show that contrast-enhanced low mechanical index EUS displays avascular areas and hyperenhancement in a high percentage of GISTs. A small control group consisting of GI leiomyoma constantly displayed hypoenhancement, thus suggesting CE-EUS to be an appropriate method to distinguish both entities. No leiomyoma showed circumscribed avascular areas.
Another finding was the hard character (low strain) of GIST in real-time EUS-elastography. Nevertheless, also four of five leiomyomas displayed a hard elastographic pattern. Therefore, in contradiction to recently published data, [11] EUS elastography might not be helpful for differential diagnosis of GIST from GI leiomyoma.
GIST represents the largest group of mesenchymal tumors of the GI tract. The most common locations of GIST are stomach (60%), small bowel (30%) and duodenum (5%). [12, 13] The relative risk of malignant behavior of a GIST primarily depends on the number of mitoses per 50 high-power fields, on its size, on certain types of mutation, and on the location within the GI tract. [14, 15] Nevertheless, GIST tumors have an indeterminate malignant potential and current diagnosis cannot rely on imaging alone. [16] Current GIST guidelines recommend surgical resection when lesions are larger than 20 or 30 mm. [17] [18] [19] Resection can be problematic when patient's situation or tumor localization makes wedge resection or similar techniques problematic. [2] However, smaller tumors (<20-30 mm) can be safely considered for endoscopic resection, with or without laparoscopic control. [20, 21] Consequently, NCCN guidelines recommend follow-up only in tumors <20 mm without high-risk EUS features while the rest should be resected. [22] The most common imaging method is computed tomography (CT). [23] About 50% of all GISTs show cystic/necrotic areas in CECT examinations. [24] Ulceration, heterogeneous enhancement, lack of annular growth and lymphadenopathy, and demonstration of a supplying artery as well as draining veins are predictive for GISTs. [2, 12] In SETs, EUS is the most accurate method to predict the layer of origin and to evaluate structural features. [25, 26] However, differential diagnosis is challenging. [4, 5, 20, [27] [28] [29] [30] [31] The yield of endoscopic techniques for tissue diagnosis is limited. [26, 32] In prospective studies, a definite diagnosis was possible only in 34%-88% of cases using EUS-guided tissue acquisition. [33] [34] [35] [36] [37] [38] Since a few years, CEUS is now available for EUS techniques. [7, 8, [39] [40] [41] Preliminary data suggested that CE-EUS can discriminate GIST (hypervascular in all cases) from benign lesions. [42] Moreover, CE-EUS has been used to predict malignant behavior of GISTs. [43] [44] [45] EUS is further recommended in most of the guidelines for upper GI tract tumors. [46] For gastric stromal tumors, EUS easily demonstrates the submucosal origin of the lesion. [25] EUS has a high accuracy (99%) for localization, characterization of the lesion as GI mesenchymal tumors (83%) and for differentiating benign from malignant tumors (80%). [47] Review of the literature
One study assessing the vascularity of GIST using CE-EUS showed that all 16 high-risk tumors had irregular vessels, whereas only 5 of 13 low-risk GISTs showed this feature. All tumors with homogeneous enhancement were low-risk GIST or benign spindle cell neoplasias (leiomyoma, Schwannoma). Seven high-risk GISTs displayed avascular areas on CE-EUS, whereas none of the low-risk tumors were found to have this feature. Interestingly, in one study, the sensitivity of CE-EUS for detecting intratumoral vessels (100%) was significantly higher than that for contrast-enhanced multidetector CT (31%) and for power Doppler-EUS (63%). [43] CONCLUSION Our data confir m preliminary evidence [42] that CE-EUS is an accurate technique for discrimination of GIST and benign GI mesenchymal tumors, in particular GI leiomyoma. Hypervascularity and the presence of avascular areas are highly predictive criteria of GIST as compared to GI leiomyoma and may be used in addition to B-mode features in the differential diagnosis of GI SET. Due to the fact that both types of GI mesenchymal tumors are relatively hard lesions, EUS elastography is not useful for differentiation of GIST and GI leiomyoma. However, we did not use quantification techniques in EUS elastography (strain ratio or histogram analysis), which might have the potential to better discriminate between various degrees of stiffness of GI SET. Further limitations of our study were its retrospective design and the small control group including only five GI leiomyomas.
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